This special section is the product of a small-group meeting of those who study puberty and its relevance. Our aim was to gather information and write manuscripts to inform scientists of advances and continuing obstacles, as well as to stimulate interdisciplinary research on puberty relevant across the lifespan. The themes of the nine position or review papers (and commentary), range from cell to society. We hope this introduction will entice you to read all the papers and consider how they apply or expand your next steps in research or help you synthesize the literature on puberty. We anticipate the papers can embellish your adolescent courses, and, for junior scientists, we hope the many intriguing possibilities for future research on puberty will be apparent.
In the fall of 2015, a small group of members of the Society for Research on Adolescence (SRA) with a long-time research focus on puberty were lamenting that it seemed that interest in puberty as a research topic was waning. We had noticed fewer papers published on puberty, and that presentations and posters on puberty at professional meetings had also dwindled. As developmental scientists with a passion for knowledge of puberty as well as for mentoring the next generation, we felt that encouraging junior scholars was essential for fostering research and scholarship on puberty in the decades to follow. Hence, we took the opportunity to respond to a call from the SRA to apply for funding to hold a small meeting focusing on an area of interdisciplinary science relevant to adolescent development. We were successful in our application to SRA for funding a small meeting that focused specifically on puberty. SRA funds were generously supplemented by the Social Science Research Institute (SSRI) at Penn State, allowing us to invite additional scholars to attend the meeting.
We held the 1-day "think-tank" meeting (described below) in April 2016 following the SRA biennial meeting. In this issue of Journal of Research on Adolescence, we present the outcome of the meeting via this special section: Nine position papers and one commentary relevant to "The New Biobehavioral Developmental Science of Puberty." Below, we articulate our collective definition of puberty as an important phenomenon of science. We then provide a brief overview of the format of the meeting with its intended process and content and follow with a short summary of each paper along with our impression of what the special section can contribute to the next generation of interdisciplinary studies that focus on puberty. We hope that this introduction will entice you to read all of the papers and consider how they may apply to or expand your own next steps in research or help you synthesize the current literature on puberty. For those who teach, we hope the array of papers will be a way to embellish your courses in adolescence in this important area of puberty. Finally, for junior scientists the many intriguing possibilities for research on puberty and adolescence will be apparent.
Why Focus on Puberty?
Puberty is a universal phenomenon in animals and humans and consists of maturation of the reproductive system. It occurs globally, but in humans puberty differs geographically and culturally both in experiences and in the timing and tempo of biological changes. Factors that influence puberty occur prenatally and throughout childhood; the effects of puberty extend beyond adolescence and can influence later adaptation, health, and disease risk. Depending on the research question, puberty may be a valuable predictor variable, an outcome variable, or perhaps a covariate.
Background of the Meeting
This special section of this issue is the product of our small meeting comprised of scientists who came to discuss their own specific field of the work on puberty and to collaborate in laying out priorities for the next stage of research on puberty. The meeting was an opportunity to discuss how to capitalize on recent technological and methodological innovations in science in order to develop and integrate transdisciplinary theories and models of pubertal development. In turn, the resulting integrative models discussed may become a springboard for advancing the next generation of research in adolescence that incorporates puberty as a major construct. Puberty may play an important role in key developmental domains, but too often the contribution of puberty is unexplored or minimized.
Our aim was to gather information and write manuscripts to inform scientists within our field of recent advances and continuing obstacles, as well as to stimulate interdisciplinary research focusing on puberty. To accomplish this aim, we proposed to gather researchers from a variety of disciplines to examine recent advances in science relevant to pubertal development; this exploration could then be used to identify new dynamic, interdisciplinary, and complex systems approaches to be used in future studies of puberty and its impact on relevant developmental phenomena across the lifespan. We felt it was critical that the meeting group included both senior and early career interdisciplinary scholars to facilitate networking, mentoring, and collaboration in future scientific efforts. The majority of the resulting manuscripts also included senior-junior collaborations. The meeting discussions were used to address gaps in research, including new methodologies (new technology and analytic strategies), funding opportunities, social policy implications, and other issues. Specifically, the group discussed four overarching questions: (1) What are the latest scientific findings that have advanced our understanding of puberty and the role it may play in adolescent development? (2) What gaps exist in our understanding of puberty that might be critical when conceptualizing healthy development in adolescents? (3) How can our field advance interdisciplinary research that focuses on or includes puberty? (4) How can we move toward the next step of incorporating findings from the puberty literature with respect to prevention and intervention efforts as well as policy? The themes of the nine papers herein emerged from the overarching guiding questions and the fruitful discussion during the meeting; most are position (or perspective) papers, some are review papers. What follows is a brief description of the rich and thoughtprovoking papers that comprise the special section focusing on puberty.
THE INDIVIDUAL PAPERS Emerging Genetic and Epigenetic Mechanisms Underlying Pubertal Maturation in Adolescence
We believe that knowing some of the neuroendocrine and genetic complexities of puberty will provide an important background to developmental scientists in understanding the initiation of puberty and its development. Aylwin, Toro, Shirtcliff, and Lomniczi (2019) accepted the challenge by elegantly describing pubertal development as a multifactorial and complex process that is controlled by a plethora of genes conserved throughout all mammals. They discuss how animal models provided invaluable cellular and molecular information to understand neuroendocrine reproductive development. Past research points to activation of the pubertal process resulting from the timely lifting of repressing genetic and epigenetic forces as well as the induction of excitatory influences. Included also are environmental inputs like metabolism, circadian changes, and endocrine-disrupting chemicals which could modify the epigenetic/genetic program that governs the development of the neuroendocrine reproductive system. This paper likely will become a resource for understanding some of the basic biological principles of puberty as well as many new aspects and ways of thinking about puberty.
Dr. Megan Gunnar provides a thought-provoking commentary entitled "Translating Insights Into the Molecular Mechanisms of Puberty From Animals to Humans: A Commentary" on the Aylwin et al. paper. With her keen knowledge of both animal and human models of puberty as well as the neuroendocrinology of stress, Gunnar shares her expertise by bringing together some of these constructs and new insight into alternate ways to think about what was presented on puberty (Gunnar, 2019) .
Understanding Puberty and Its Measurement: Ideas for Research in a New Generation of Youth
Reliable and valid measurement of puberty is central for any investigation. Mendle, Beltz, Carter, and Dorn (2019) update some of the work on measuring puberty and provide a thorough, basic primer to assist researchers in relevant issues and methods necessary to study puberty or to critically read the literature that measures puberty. As a novel addition to the literature, they also highlight specific topics of interest focusing on puberty for a new generation of researchers to expand our knowledge of the contributions of puberty to developmental science. These include recommendations for use and explanations of novel statistical techniques; consideration of secular trends in development when selecting instruments and study populations; and strategies for considering race, diversity, and nonbinary gender in research. We believe that this paper will provide some practical "how-tos" with conceptual "what ifs" for those interested in research on puberty. The paper by Mendle and colleagues offers both a needed reference guide and inspiration for new ideas for research during this critical developmental window of puberty.
Understanding the Role of Puberty in Structure and Functional Development of the Adolescent Brain
Early on, brain development rarely was mentioned in the adolescent populations. Over the last decade or two, neuroscience (e.g., cognitive neuroscience and other foci) has rapidly grown with respect to understanding the adolescent brain. Goddings, Beltz, Peper, Crone, and Braams (2019) provide a useful update on the state of neuroscience related to puberty and the adolescent brain. Specifically, the authors evaluate the evidence for pubertyrelated changes for brain structure as well as its function and connectivity. The reader will find additional valuable information on the challenging aspects of research conducted on the brain and complex imaging and the potential reasons for why some of the literature seems inconsistent regarding the role that puberty may play in brain changes. The important issue of sex differences in neural development also is discussed along with thoughts on where the field examining puberty and brain changes should be directed. The neuroscience of adolescence is a rapidly changing area of research that has an important role in understanding many aspects of adolescent development (e.g., cognitive changes, risk behaviors, psychopathology, reward processing, relationship issues and the like).
Puberty and the Transformation of Developmental Science
In their integrative overview, Worthman, Dockray, and Marceau (2019) discuss some of the recent conceptual and methodological advances in the study of puberty but with a specific emphasis on implications for research and intervention in attempting to promote developmental science. For example, some of the more novel and understudied methodological advances with respect to puberty are in biomarkers of the microbiome and immune function. Readers should watch the literature for new evidence in these areas. Another novel aspect of this paper was incorporating scientific advances while considering the dramatic changes in both maturational timing of adolescents and the simultaneous changes in social aspects of life. Such a perspective also necessitates incorporating a global approach in studying puberty as well as the role of interdisciplinary approaches that are necessary for success in these endeavors.
Conceptualizing Puberty as a Window of Opportunity for Impacting Health and Well-Being Across the Lifespan
Dorn and colleagues elaborate on the unique role that puberty plays across the lifespan while also discussing the plasticity and resilience of youth during this developmental stage (Dorn, Hostinar, Susman, & Pervanidou, 2019) . They promote the perspective that the complex biological process of puberty can be a "window of opportunity" for understanding and impacting health and development in adolescence and beyond. Pubertal processes can shape health and development because of their synergistic connections with biological processes including those as early as the prenatal period. Stress may be one important component of understanding potential mechanisms of prenatal and early developmental changes on puberty itself, as well as other areas of development. The manuscript also addresses processes that may make puberty an opportune time to target prevention and intervention efforts. The discussion then broadens and suggests the importance of the inclusion of puberty in scientific research and offers ways to make the science of puberty an important stand-alone research entity, as well as an essential component of studies conducted during adolescence and beyond. To enhance future studies, the relevance of measurement issues, the inclusion of novel theoretical models of puberty to enhance research, and the necessity of taking an interdisciplinary perspective are essential in research on puberty and in the adolescent period more broadly.
Exploring the Complexity of Puberty: Understudied Populations and Processes
The literature on puberty has significant gaps related to specific populations. Deardorff, Hoyt, Carter, and Shirtcliff (2019) present an excellent case for focusing on youth of color, boys, sexual minority youth, and gender minority youth as being understudied with respect to pubertal development itself. Also included are the gaps of how culture and context are often not incorporated in research on puberty, and how utilizing current theoretical models represents challenges in diverse populations. The paper carefully describes what little we do know about puberty and its timing and tempo in these understudied groups. However, little is known on how diverse groups of adolescents respond to puberty or how ethnicity and culture may impact associations between puberty and various components related to puberty (e.g., adjustment). In sexual minority youth, the dearth of information on these same issues around puberty is even more evident. Across these understudied populations, the authors address types of research that are needed, challenges of conducting these studies, and the importance of bringing together various disciplines to conduct the right studies so that progress is made in the field. Our lack of knowledge about minority youth likely contributes to the health disparities that are noted in adolescence and beyond. This paper offers some excellent ideas for studies that we should be tackling.
Puberty in the Past 25 Years: A Retrospective Bibliometric Analysis
Marceau and colleagues provide an innovative paper that carefully catalogs and categorizes the literature on puberty published from 1990 to 2016 (Marceau, Hottle, & Yatcilla, 2019) . Specifically, a bibliometric analysis was conducted; a labor-intensive method and one not often reported in developmental and behavioral journals such as JRA. The goal of the manuscript was to determine what was published on puberty, how many papers were already published, and what are the characteristics of journals that publish research on puberty. The authors then identified gaps in the fields incorporating research on puberty and follow with recommendations on how future research can improve the impact of publication, so that knowledge of puberty can expand in the future. We encourage readers not only to examine this novel paper but also to look at the array of important supplemental tables and figures that add to the richness of the topic.
Interdisciplinary Work Is Essential for Research on Puberty: Complexity and Dynamism in Action
Susman, Marceau, Dockray, and Ram (2019) present crucial points about new developments regarding the interdisciplinarity of research on puberty, given that puberty is an inherently interdisciplinary phenomenon involving biological, psychological, and contextual changes. Major advances have been made, based on the collaborative work of behavioral-biological interdisciplinary scientists working on complex problems. Based on these advances, the science of puberty is better established now than in the past several decades. For instance, hormones of the neuroendocrine system are known to interact with emotions and behaviors in family contexts. Interdisciplinary advances in methodology and statistics are described that have advanced our understanding of the role that puberty may play in various trajectories of a behavior or a developmental construct; or how puberty changes across time and may interact with these same constructs. The paper also provides an increased emphasis on interdisciplinary graduate programs and support for junior scholars that are critical in order to further advance the new biobehavioral science of puberty.
Puberty Programs and Policy: Current Status, Opportunities, and Recommendation Youth programs and policies provide opportunities for institutions and societies to support healthy adolescent development. The paper by Crockett, Deardorff, Johnson, Irwin, and Petersen (2019) focuses on programs related to some aspect of puberty. These programs include classroom-based educational programs that incorporate puberty into health-related and sexuality curricula and/or "freestanding interventions" that focus on attitudes and behaviors associated with pubertal changes. The reader can expect to see a novel review of the current status of research on these programs as well as how findings from the broader intervention literature and recent research on adolescence can be used to identify program features that might improve program effectiveness. The authors note that few puberty programs have been rigorously evaluated, resulting in a lack of evidence-based knowledge and practice in this area. Recommendations are provided for program development and delivery as well as research including the needs of special populations. Finally, Crockett et al. address implications for policy, emphasizing that the lack of rigorous program evaluation limits the development of precise policy recommendations.
CONCLUSION
Collectively, the papers powerfully fulfill our initial goal of capitalizing on recent technological and methodological innovations in the developmental science of puberty. It is our belief that the papers will help to further develop and integrate transdisciplinary theories and models of pubertal development. In turn, it is our desire that the resulting integrative work proposed in the papers will be used as a springboard for advancing the next generation of research in adolescence that incorporates puberty as a major construct. Alternatively, we hope it will encourage other disciplines who study phenomena in the pubertal age group to consider collaborating with developmental scientists who study puberty and include a measure(s) of puberty in their studies. The possibility exists that puberty may well turn out to be a critical explanatory variable of various developmental processes within and across persons.
